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Low energy reaction K−p → Λη and the negative parity Λ resonances
Li-Ye Xiao and Xian-Hui Zhong ∗
Department of Physics, Hunan Normal University, and Key Laboratory of Low-Dimensional
Quantum Structures and Quantum Control of Ministry of Education, Changsha 410081, China
The reaction K−p → Λη at low energies is studied with a chiral quark model approach. Good descriptions of
the existing experimental data are obtained. It is found that Λ(1670) dominates the reaction around threshold.
Furthermore, u- and t-channel backgrounds play crucial roles in this reaction as well. The contributions from
the D-wave state Λ(1690) are negligibly small for its tiny coupling to ηΛ. To understand the strong coupling
properties of the low-lying negative parityΛ resonances extracted from the ¯KN scattering, we further study their
strong decays. It is found that these resonances are most likely mixed states between different configurations.
Considering these low-lying negative parityΛ resonances as mixed three-quark states, we can reasonably under-
stand both their strong decay properties from Particle Data Group and their strong coupling properties extracted
from the ¯KN scattering. As a byproduct, we also predict the strong decay properties of the missing D-wave
state |Λ 32
−〉3 with a mass of ∼ 1.8 GeV. We suggest our experimental colleagues search it in the Σ(1385)π and
Σπ channels.
PACS numbers: 12.39.Jh, 13.75.Jz, 13.30.-a, 14.20.Jn
I. INTRODUCTION
Our knowledge about Λ resonances is much poorer than
that of nucleon resonances [1]. Even for the well-established
low-lying negative parity states, such as Λ(1405)S 01,
Λ(1520)D03 and Λ(1670)S 01, their properties are still con-
troversial [2]. Up to now we can not clarify whether these
states are excited three quark states, dynamically generated
resonances, three quark states containing multi-quark compo-
nents or the other explanations, although there are extensive
discussions about their natures [3–53].
Recently, we systematically studied the reactions K−p →
Σ0π0,Λπ0, ¯K0n in a chiral quark model approach [54]. Ob-
vious roles of the low-lying negative parity states, Λ(1405),
Λ(1520) and Λ(1670), are found in the K−p → Σ0π0, ¯K0n re-
actions, where we have extracted their strong coupling proper-
ties. For example, we found that Λ(1670) should have a very
weak coupling to ¯KN, while Λ(1520) needs a strong coupling
to ¯KN, which can not be well explained with the symmetry
constituent quark model in the S U(6) ⊗ O(3) limit [54].
To obtain more strong coupling properties and better under-
standings of these low-lying Λ resonances, in this work, we
will continue to study another important ¯KN reaction K−p →
ηΛ. This reaction provides us a very clear place to study the
low-lying Λ resonances, because only the Λ resonances con-
tribute here due to the isospin selection rule. Especially, the
poorly known strong coupling ofΛ(1670) to ηΛmight be reli-
ably obtained from the K−p → ηΛ, for this reaction at thresh-
old is dominated by formation of the Λ(1670) [55]. Recently,
the new data of the K−p → ηΛ reaction from Crystal Ball Col-
laboration [55] were analyzed with an effective Lagrangian
model by Liu and Xie [49, 50]. They might find some ev-
idence of a exotic D-wave resonance with mass M ≃ 1669
MeV and width Γ ≃ 1.5 MeV in the reaction, which will be
discussed in present work as well.
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Furthermore, to understand the natures of these strong cou-
pling properties extracted from the ¯KN scattering, we will
further carry out a systematical study of the strong decays of
the low-lying negative parity Λ resonances in the chiral quark
model approach as well. Combing the strong coupling prop-
erties extracted from the ¯KN scattering with the strong decay
properties from the Particle Data Group (PDG) [1], we expect
to obtain more reliable understandings of the natures for these
low-lying negative parity Λ resonances.
This work is organized as follows. In Sec. II, the model
is reviewed. Then, the numerical results are presented and
discussed in Sec. III. Finally, a summary is given in Sec. IV.
II. FRAMEWORK
In this work, we study the K−p → ηΛ reaction in a chi-
ral quark model. This model has been well developed and
widely applied to meson photoproduction reactions [56–64].
Its recent extension to describe the πN [65] and ¯KN [40, 54]
reactions also turns out to be successful and inspiring.
In the calculations, we consider three basic Feynman dia-
grams, i.e., s-, u- and t-channels at the tree level. The reaction
amplitude is expressed as
M =Ms +Mu +Mt, (1)
where the s- and u-channel reaction amplitudes Ms and Mu
are given by
Ms =
∑
j
〈N f |H fm|N j〉〈N j|
1
Ei + ωi − E j H
i
m|Ni〉, (2)
Mu =
∑
j
〈N f |Him
1
Ei − ω f − E j |N j〉〈N jH
f
m|Ni〉. (3)
In the above equations, Hm stands for the quark-meson cou-
pling, which might be described by the effective chiral La-
grangian [56, 57]
Hm =
∑
j
1
fm ψ jγ
j
uγ
j
5ψ j~τ · ∂u~φm, (4)
2where ψ j represents the jth quark field in a baryon, and fm is
the meson’s decay constant. The pseudoscalar meson octet φm
is written as
φm =

1√
2
π0 + 1√
6
η π+ K+
π− − 1√
2
π0 + 1√
6
η K0
K− ¯K0 −
√
2
3η
 . (5)
In Eqs. (2) and (3), ωi and ω f are the energies of the incoming
and outgoing mesons, respectively. |Ni〉, |N j〉 and |N f 〉 stand
for the initial, intermediate and final states, respectively, and
their corresponding energies are Ei, E j and E f , which are the
eigenvalues of the nonrelativistic Hamiltonian of constituent
quark model ˆH [3–5].
The resonance transition amplitudes of the s-channel can
be generally expressed as [65]
MsR =
2MR
s − M2R + iMRΓR
ORe−(k
2
+q2)/(6α2), (6)
where MR and ΓR stand for the mass and width of the reso-
nance, respectively. The Mandelstam variable s is defined as
s ≡ (Pi + k)2. The single-resonance-excitation amplitude, OR,
can be obtain by the relation [54]
O(n, l, J) =
∑
R
OR(n, l, J) =
∑
R
gRO(n, l, J), (7)
where gR stands for the relative strength of a single-resonance
in the partial amplitude O(n, l, J). The gR factors are deter-
mined by the structure of each resonance and their couplings
to the meson and baryon. The partial amplitudes, O(n, l, J),
up to n = 2 shell have been derived in our previous work [54],
where the details can be found. For example, the important
partial amplitude for the S waves is given by [54]
O1(S ) =
(
gs1 − 12 gs2
) (
|Aout| · |Ain| |k||q|9α2 +
ωi
6µq
Aout · q
+
ω f
6µq
Ain · k +
ωiω f
4µqµq
α2
)
, (8)
where k and q stand for the three-momenta of the incoming
and outgoing mesons, respectively, and α is the harmonic os-
cillator parameter. The reduced mass µq at the quark level
is defined by 1/µq = 1/miq + 1/m
f
q , where miq and m
f
q corre-
spond to the initial and final quark masses, respectively. Ain
and Aout are the same variables defined in [54]. The g-factors
in the partial amplitudes, such as gs1 and gs2, have been de-
fined in [54] as well. These g-factors can be derived in the
SU(6)⊗O(3) symmetry limit. In Tab. I, we have listed the g-
factors for the reaction K−p → ηΛ.
And the transition amplitudes of the u-channel are given
by [40, 65]
Mun = −
2Mn
u − M2n
One−(k
2
+q2)/(6α2). (9)
In Eq.(9), the amplitude On is determined by the structure of
each resonance and their couplings to the meson and baryon,
which has been derived in our previous work [54]. The Man-
delstam variable u are defined as u ≡ (Pi − q)2.
In the calculations, we consider the vector- and scalar-
exchanges for the t-channel backgrounds. The vector meson-
quark and scalar meson-quark couplings are given by
HV = ¯ψ j
(
aγν +
bσνλ∂λ
2mq
)
Vνψ j, (10)
HS = gS qq ¯ψ jψ jS , (11)
where V and S stand for the vector and scalar fields, respec-
tively. The constants a, b and gS qq are the vector, tensor and
scalar coupling constants, respectively. They are treated as
free parameters in this work.
On the other hand, the VPP and S PP couplings (P stands
for a pseudoscalar-meson) are adopted as
HVPP = −iGVTr([φm, ∂µφm]Vµ), (12)
HS PP =
gS PP
2mπ
∂µφm∂
µφmS , (13)
where GV and gS PP are the VPP and S PP coupling constants
to be determined by experimental data.
For the vector meson exchange, the t-channel amplitude in
the quark model is written as [54]
MVt = OtV
1
t − M2V
e−(q−k)
2/(6α2), (14)
where e−(q−k)2/(6α2) is a form factor deduced from the quark
model, and MV is the vector-meson mass. The amplitude OtV
is given by [54]
OtV = Gva[gst (H0 +H1q · k) + gvtH2iσ · (q × k)]
+tensor term, (15)
where the factors gst and gvt are defined by gst ≡
〈N f |∑3j=1 Iexj |Ni〉 and gvt ≡ 〈N f |∑3j=1 σ jIexj |Ni〉, where, Iexj is
the isospin operator of exchanged meson. These factors can
be deduced from the quark model.
For the scalar meson exchange, the t-channel amplitude in
the quark model is given by [54]
MSt = OtS
1
t − M2S
e−(q−k)
2/(6α2), (16)
where MS is the scalar-meson mass, and the OtS is written
as [54]
OtS ≃
gS PPgS qq
2mπ
(ωiω f − q · k)[gst (A0 +A1q · k)
gvtA2iσ · (q × k)]. (17)
In Eqs.(15) and (17), the variables Hi and Ai (i = 0, 1, 2) are
the same definitions as in [54].
In this work, we consider the K∗- and κ-exchanges in the
K−p → Λη process. The factors gst and gvt derived from the
quark model have been listed in Tab. I as well.
3TABLE I: The g-factors appearing in the s-, u- and t-channel am-
plitudes of the K−p → Λη process obtained in in the SU(6)⊗O(3)
symmetry limit. φp is the η-η′ mixing angle defined in [66, 67].
gs1 = −
√
6
6 sin φp gv1 = −
√
6
4 sin φp
gu
s1 =
√
3
2 cos φp g
u
v1 =
√
3
2 cos φp
gst =
√
6
2 g
v
t =
√
6
2
III. RESULT AND ANALYSIS
A. Parameters
With the transition amplitudes derived within the quark
model, the differential cross section can be calculated by [54]
dσ
dΩ =
(Ei + Mi)(E f + M f )
64π2s(2Mi)(2M f )
|q|
|k|
M2N
2
×
∑
λi,λ f
∣∣∣∣∣∣[
δmi
fmi
δm f
fm f
(Ms +Mu) +Mt]λ f ,λi
∣∣∣∣∣∣
2
, (18)
where λi = ±1/2 and λ f = ±1/2 are the helicities of the initial
and final state Λ baryons, respectively. fmi and fm f are the ini-
tial and final meson decay constants, respectively. δmiδm f is a
global parameter accounting for the flavor symmetry breaking
effects arising from the quark-meson couplings, which will be
determined by experimental data.
In the calculation, the universal value of harmonic oscillator
parameter α = 0.4 GeV is adopted. The masses of the u, d,
and s constituent quarks are set as mu = md = 330 MeV, and
ms = 450 MeV, respectively. The decay constants for η and K
are adopted as fη = fK = 160 MeV.
In present work, the resonance transition amplitude, OR, is
derived in the S U(6) ⊗ O(3) symmetric quark model limit. In
reality, due to e.g. spin-dependent forces in the quark-quark
interaction, the symmetry of S U(6)⊗O(3) is generally broken.
As a result, configuration mixing would occur [3–5, 11]. To
take into account the breaking of that symmetry, a set of cou-
pling strength parameters, CR, should be introduced for each
resonance amplitude,
OR → CROR, (19)
where CR should be determined by fitting the experimental
observation. One finds that CR = 1 in the S U(6) ⊗ O(3)
symmetry limit, while deviation of CR from unity implies the
S U(6) ⊗ O(3) symmetry breaking. The determined values of
CR for the K−p → Λη process have been listed in Table II.
These strength parameters CR for the main resonances will be
further discussed in Sec. III D.
TABLE II: The determined values for the parameters CR, δmiδm f and
φP in the K−p → Λη scatting process.
Parameter CS 01(1405) CD03(1520) CS 01(1670) CD03(1690) δmiδm f φP
Value 1.17 1.18 34.70 38.58 1.24 35◦
In the t channel, there are two parameters, GVa and
gS PPgS qq, which come from K∗- and κ-exchanges, respec-
tively. By fitting the data, we obtain GVa ≃ 4.8 and
gS PPgS qq ≃ 105, which are consistent with our previous de-
terminations in [54].
In the u channel, the intermediate states are nucleon and nu-
cleon resonances. One finds that the contributions from n ≥ 1
shell are negligibly small, and are insensitive to the degenerate
masses for these shells. In present work, we take M1 = 1650
MeV and M2 = 1750 MeV for the degenerate masses of n = 1
and n = 2 shell nucleon resonances, respectively.
In the s-channel of the K−p → Λη process, there are only
the contributions from Λ resonances. The low-lying Λ reso-
nances classified in the quark model up to n = 2 shell are listed
in Tab. III. From the table, we can see that in n = 0 shell, only
the Λ pole contribute to the process, while in n = 1 shell, two
S -waves (i.e., [70,2 1]Λ(1405)S 01, [70,2 8]Λ(1670)S 01) and
two D-waves (i.e., [70,2 1]Λ(1520)D03, [70,2 8]Λ(1690)D03)
contribute to the reaction. The excitations of [70,4 8] are for-
bidden for the Λ-selection rule [68]. In the calculations, the
n = 2 shell Λ resonances in the s channel are treated as de-
generation, and their degenerate mass and width are taken as
M=1800 MeV and Γ=100 MeV, since in the low-energy re-
gion the contributions from the n = 2 shell are not significant.
By fitting the experimental data, we obtain their Breit-
Wigner masses and widths, which are listed in Tab. IV. From
the table, it is seen that the extracted resonances’ parameters
are compatible with the data from PDG [1].
TABLE III: The classification of Λ resonances in the quark model up
to n=2 shell. The ”?” denotes the resonances being unestablished.
lI,2J is the PDG notation of baryons. N6 and N3 denote the SU(6) and
SU(3) representation. L and S stand for the total orbital momentum
and spin of a baryon, respectively.
|N6,2S+1 N3, n, L〉 lI,2J |N6,2S+1 N3, n, L〉 lI,2J
|56,2 8, 0, 0〉 P01(1116) ... ...
|70,2 1, 1, 1〉 S 01(1405) |56,2 8, 2, 2〉 P03(?)
D03(1520) F05(?)
|70,2 8, 1, 1〉 S 01(1670) |70,2 1, 2, 2〉 P03(?)
D03(1690) F05(?)
|70,4 8, 1, 1〉 S 01(1800) |70,2 8, 2, 2〉 P03(?)
D03(?) F05(?)
D05(1830)
|56,2 8, 2, 0〉 P01(1600) |70,4 8, 2, 2〉 P01(?)
|70,2 1, 2, 0〉 P01(1810) P03(?)
|70,2 8, 2, 0〉 P01(?) F05(?)
|70,4 8, 2, 0〉 P03(?) F07(?)
B. Total cross section
The total cross section as a function of the beam momentum
is shown in Fig. 1, where we find that the observations can be
well described within the chiral quark model.
It is found that Λ(1670)S 01 should play a dominant role in
4TABLE IV: Breit-Wigner masses MR (MeV) and widths ΓR (MeV)
for the resonances in the s-channel compared with the experimental
data from PDG.
Resonance MR ΓR MR (PDG) ΓR (PDG)
Λ(1405)S 01 1405.0 53.37 1405.0+1.3−1.0 50 ± 2
Λ(1520)D03 1519.5 15.6 1519.5 ± 1.0 15.6 ± 1.0
Λ(1670)S 01 1676.0 35.0 1670 ± 10 25 ∼ 50
Λ(1690)D03 1682.4 70.0 1690 ± 5 50 ∼ 70
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FIG. 1: K−p → Λη total cross sections compared with the data [55].
The bold solid curves are for the full model calculations. In the up-
per panel, exclusive cross sections for Λ(1405)S 01, Λ(1670)S 01, t-
channel and u-channel are indicated explicitly by the legends in the
figures. In the lower panel, the results by switching off the contribu-
tions of Λ(1405)S 01, Λ(1670)S 01, t-channel and u-channel are indi-
cated explicitly by the legends in the figures.
the reaction. Λ(1670)S 01 is responsible for the bump struc-
ture in the cross section around its threshold. To well describe
the data, a large amplitude of Λ(1670)S 01 in the reaction is
needed, which is about 34 times (i.e., CS 01(1670) = 34) larger
than that derived in the S U(6) ⊗ O(3) limit. In our previ-
ous work, we found Λ(1670)S 01 should have a weaker cou-
pling to ¯KN than that derived in the S U(6) ⊗ O(3) limit [54],
thus, Λ(1670)S 01 should have a much stronger coupling to ηΛ
than that derived from the symmetry quark model. These phe-
nomenologies might be explained by the configuration mix-
ing between the S -wave states Λ(1405)S 01, Λ(1670)S 01 and
Λ(1800)S 01, which will be further studied in Sec. III D.
Furthermore, a sizeable contribution fromΛ(1405) also can
be seen in the cross section. The total cross section around the
peak is slightly underestimated without its contribution.
No obvious contributions from the D-wave states,
Λ(1520)D03 and Λ(1690)D03, are found in the reaction.
It should be emphasized that both u- and t-channel back-
grounds play crucial roles in the reactions. Switching off their
contributions, the cross section changes significantly. The
important roles of u- and/or t-channel backgrounds are also
found in the other ¯KN reactions K−p → Σ0π0,Λπ0, ¯K0n [54].
C. Differential cross section
The differential cross sections (DCS) compared with the
data are shown in Fig. 2. From the figure, it is seen that the
data in the low energy region from threshold to PK = 770
MeV/c can be reasonably described within our chiral quark
model. However, it should be remarked that our theoretical
results seem to slightly underestimate the DCS at both for-
ward and backward angles in the beam momenta region of
PK = 730 ∼ 742 MeV/c. Improved measurements in this
beam momenta region are needed to clarify the discrepancies.
To explore the contribution of individual resonances and the
u- and t-channel backgrounds to the DCS, we have shown the
predictions by switching off one of their contributions in Fig. 2
as well. From the figure, the dominant roles of Λ(1670)S 01
and u-, t-channel backgrounds are significantly seen in the
DCS. Switching off the contribution of Λ(1670)S 01, we find
that the cross sections will be underestimated draftily. With-
out the u-channel contribution, the DCS will be significantly
underestimated around η production threshold. While, switch-
ing off t-channel contribution, we can see that the DCS are
strongly overestimated at both forward and backward an-
gles. Furthermore, slight contributions of Λ(1405)S 01 can
be seen in the DCS around η production threshold, where
Λ(1405)S 01 has a constructive interference with Λ(1670)S 01.
However, Λ(1405)S 01 is not a crucial contributor in the re-
action, which can explain the reason why the contribution of
Λ(1405)S 01 can be neglected in some studies at the hadron
level [35, 49, 50].
From Fig. 2, it is seen that a bowl structure seems to ap-
pear in the data around η production threshold. As we know,
the bowl structures are the typical effects of the interferences
between the S - and D-wave states. In this energy region, the
bowl structures might be caused by the interferences between
Λ(1670)S 01 and Λ(1690)D03. Considering Λ(1690)D03 as
the conventional three-quark state classified in the constituent
quark model, we can not obtain a bowl structure in the DCS
for the too small contributions of Λ(1690)D03 in the reaction.
In Refs. [49, 50], Liu and Xie had carefully studied these bowl
structures appearing in the DCS, they need an exotic D-wave
state Λ(1669) with a very narrow width of Γ ≃ 1.5 MeV to
reproduce the bowl structures. Finally, it should be pointed
out that for the rather large uncertainties of the present data,
we can not confirm whether there are obvious bowl structures
in the DCS or not. Thus, more accurate measurements are
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FIG. 2: Differential cross sections of the K−p → ηΛ compared with the data from [55]. The bold solid curves are for the full model calculations.
The results by switching off the contributions from Λ(1405)S 01, Λ(1670)S 01 and u- and t-channel backgrounds are indicated explicitly by the
legend in the figures.
needed.
As a whole, Λ(1670)S 01 plays a dominant role in the re-
action. Λ(1670)S 01 should have a much stronger coupling to
ηΛ, while have a weaker coupling to ¯KN than that derived in
the S U(6) ⊗ O(3) limit. The u- and t-channel backgrounds
also play crucial roles in the reaction. Furthermore, slight
contributions of Λ(1405)S 01 can be seen in the DCS around η
production threshold. No obvious evidence from the D-wave
states, Λ(1520)D03 and Λ(1690)D03, is found in the reaction.
D. Configuration mixing and strong couplings
To further understand the strength parameters CR in the
K−p → Λη reaction, and explain the strong coupling prop-
erties of the Λ resonances extracted from the ¯KN scattering,
e.g., the weak coupling of Λ(1670)S 01 to ¯KN and strong cou-
pling of Λ(1670)S 01 to ηΛ, in this subsection we study the
configuration mixing effects in the low-lying negativeΛ reso-
nances.
61. Configuration mixing and strong decays
If there is configuration mixing in several resonances with
the same JP values, their strong coupling properties might be
very different from the pure states classified in the constituent
quark model. Here, we study the strong decays of low-lying
negativeΛ resonances and test whether the configuration mix-
ing can explain the strong couplings of these resonances or
not.
In this work, the strong decays of the Λ resonances also
studied with the chiral quark model. This approach has
been successfully used to study the strong decays of charmed
baryons, Ξ baryons, and heavy-light mesons [69–72]. The
details of how to describe the strong decays of the baryon res-
onances in the chiral quark model can be found in [72].
As we know, Σ(1385) is a well-estimated strangeness-1
hyperon state. According to the classification of the quark
model, it is assigned to the pure |56,4 10, 0, 0, 32
+〉 represen-
tation. In this work, the measured width of Σ0(1385) as an
input (i.e., Γ = 36 MeV [1]) is used to determine the overall
parameter δ(= 0.654) in the decay amplitudes. With this de-
termined parameter, we can calculate the strong decays of the
other strangeness-1 hyperon states.
a. S -wave states Firstly, we study the strong decay
properties of the S -wave states Λ(1405)S 01, Λ(1670)S 01 and
Λ(1800)S 01. If they are pure states, according to the classifi-
cation of the constituent quark model, they should be assigned
to the |70,2 1, 1, 1, 12
−〉, |70,2 8, 1, 1, 12
−〉 and |70,4 8, 1, 1, 12
−〉,
respectively [72].
TABLE V: The predicted total and partial decay widths (MeV)
and partial decay width ratios of Λ(1670)S 01 as a pure state of
|70,2 8, 1, 1, 12
−〉. Γth denotes our prediction, while Γexp denotes the
data from PDG.
Channel Γthi Γthtotal Γ
exp
total
Γi
Γtotal
|th ΓiΓtotal |exp
Σπ 15.4 123.4 25 to 50(≈ 35) 0.12 0.25 ∼ 0.55
NK 103.1 0.84 0.20 ∼ 0.30
Λη 0.28 0.002 0.10 ∼ 0.25
Σ(1385)π 4.7 0.04 · · ·
Considering Λ(1670)S 01 as the pure state |70,2 8, 1, 1, 12
−〉,
we calculate its strong decay properties, which are listed in
Tab. V. From the table, we see that the total decay width in
theory (Γthtotal = 123.4 MeV) are much larger than the data
(Γexptotal ≃ 35 MeV). Meanwhile, according to our calculation,
the branching ratio of the Λη channel is too small, while the
branching ratio of the N ¯K channel is too large to compare with
the data. Thus, as a pure state, the Λ(1670)S 01 strong decays
can not be described at all.
It should be remarked that several different representa-
tions with the same JP numbers might be coupled together
via some kind of interactions [3–5, 11]. Thus, Λ(1670)S 01
may be a mixed state between three different representations
|70,2 1, 1, 1〉, |70,2 8, 1, 1〉 and |70,4 8, 1, 1〉 with JP = 1/2−.
Based on the standard Cabibbo-Kobayashi-Maskawa (CKM)
matrix method, the physical states might be expressed as

|Λ(1800) 12
−〉
|Λ(1670) 12
−〉
|Λ(1405) 12
−〉
 = U

|70,2 1〉
|70,2 8〉
|70,4 8〉
 , (20)
with
U =

c12c13 s12c13 s13
−s12c23 − c12 s23s13 c12c23 − s12 s23 s13 s23c13
s12s23 − c12c23s13 −c12s23 − s12c23s13 c23c13
 ,
(21)
where ci j ≡ cos θi j and si j ≡ sin θi j. θi j stands for the mixing
angles, which could be determined by fitting the strong decay
data of Λ(1670)S 01.
By fitting the experiment data from PDG [1], we have ob-
tained that θ12 ≃ 750, θ13 ≃ 500 and θ23 ≃ 1250. With these
mixing angles, the strong decay properties of Λ(1670)S 01 can
be reasonably described. The theoretical results compared
with the data are listed in Tab. VI. From the table, it is seen that
with the configuration mixing the Λη branching ratio is en-
hanced obviously, while the N ¯K branching ratio is suppressed,
which can naturally explain the weak coupling of Λ(1670)S 01
to ¯KN and strong coupling ofΛ(1670)S 01 to ηΛ needed in the
¯KN reactions.
TABLE VI: The predicted total and partial decay widths (MeV) and
partial decay width ratios of Λ(1670)S 01 as a mixed state compared
with the experiment data from PDG.
Channel Γthi Γthtotal Γ
exp
total
Γi
Γtotal
|th ΓiΓtotal |exp
Σπ 11.8 44.7 25 to 50(≈ 35) 0.26 0.25 ∼ 0.55
NK 13.6 0.30 0.20 ∼ 0.30
Λη 18.2 0.41 0.10 ∼ 0.25
Σ(1385)π 1.1 0.02 · · ·
According to the determined mixing angles, Eq.(20) can be
explicitly expressed as

|Λ(1800) 12
−〉
|Λ(1670) 12
−〉
|Λ(1405) 12
−〉
 =

0.17 0.62 0.77
0.39 −0.76 0.53
0.90 0.21 −0.37


|70,2 1〉
|70,2 8〉
|70,4 8〉
 ,
(22)
where, we find that the main component of Λ(1670)S 01 is
|70,2 8〉(∼ 58%). Meanwhile, the |70,2 1〉 and |70,4 8〉 com-
ponents also have a sizable proportion, which are ∼ 15%
and ∼ 28%, respectively. Λ(1405)S 01 is dominated by the
|70,2 1〉(∼ 81%), while it contains significant octet compo-
nents of |70,2 8〉(∼ 4%) and |70,4 8〉(∼ 14%). Λ(1800)S 01 is
dominated by both the |70,4 8〉(∼ 59%) and |70,2 8〉(∼ 38%)
components.
With these mixing schemes, we have calculated the strong
decay properties of Λ(1405)S 01 and Λ(1800)S 01. The calcu-
lated decay width of Λ(1405)S 01 is Γ ≃ 53 MeV, which in
good agreement with the data (Γ = 50 ± 2 MeV).
Considering the uncertainties in the mass of Λ(1800)S 01,
we vary its mass from 1700 MeV to 1870 MeV. The predicted
7strong decay properties of Λ(1800)S 01 have been shown in
Fig. 3. From the figure, we can see that the strong decays
of Λ(1800)S 01 are dominated by the ¯KN, ηΛ and Σπ de-
cay modes. While the decay channel Σ(1385)π also has a
significant contribution to the strong decays of Λ(1800)S 01.
It is found that our predicted strong decay properties of
Λ(1800)S 01 are compatible with the data of ALSTON (see
Tab. VII) [73]. About Λ(1800)S 01, more measurements are
needed in experiments.
As a whole the configuration mixing is needed to under-
stand the strong decay properties of the S -wave resonances
Λ(1405)S 01, Λ(1670)S 01 and Λ(1800)S 01.
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FIG. 3: The strong decay properties of Λ(1800)S 01, which is taken
as a mixed state in Eq.(20).
TABLE VII: The predicted total and partial decay widths (MeV) of
Λ(1800)S 01 compared with the experiment data from ALSTON [73].
We set the mass of Λ(1800)S 01 as M=1725 MeV, which is the ob-
served value from ALSTON.
Channel N ¯K Σπ Λη Σ(1385)π
Γthi 51.1 39.5 56.1 13.2
Γ
exp
i 52 ± 9 ... ... ...
b. D-wave states Then, we will further study whether
the configuration mixing is necessary to explain the strong de-
cays of the well-established D-wave resonances Λ(1520)D03
and Λ(1690)D03 or not. If Λ(1520)D03 and Λ(1690)D03 are
pure states, they should be classified as the |70,2 1, 1, 1, 32
−〉
and |70,4 8, 1, 1, 32
−〉 configurations, respectively, in the con-
stituent quark model.
Firstly, we study the decay properties of Λ(1520)D03 and
Λ(1690)D03 as pure states. The predictions compared with
the data are listed in Tabs. VIII and IX, respectively.
From Tab. VIII, we find that as a pure state the strong de-
cay coupling ofΛ(1520)D03 to Σπ is overestimated. However,
the strong coupling of Λ(1520)D03 to N ¯K is underestimated,
which is also found in the ¯KN scattering [54].
TABLE VIII: The predicted total and partial decay widths (MeV)
and partial decay width ratios of Λ(1520)D03 as a pure state
|70,2 1, 1, 1, 32
−〉 compared with the experiment data from PRD.
Channel Γthi Γthtotal Γ
exp
total
Γi
Γtotal
|th ΓiΓtotal |exp
Σπ 10.7 14.5 15.6 ± 1.0 0.74 0.42 ± 0.01
NK 3.81 0.26 0.45 ± 0.01
TABLE IX: The predicted total and partial decay widths (MeV)
and partial decay width ratios of Λ(1690)D03 as a pure state of
|70,2 8, 1, 1, 32
−〉 compared with the experiment data from PRD.
Channel Γthi Γthtotal Γ
exp
total
Γi
Γtotal
|th ΓiΓtotal |exp
Σπ 9.74 117.2 50 ∼ 70(≈ 60) 0.08 0.20 ∼ 0.40
NK 58.31 0.50 0.20 ∼ 0.30
Λη 0.001 0.00 · · ·
Σ(1385)π 49.1 0.42 · · ·
While considering Λ(1690)D03 as a pure state
|70,4 8, 1, 1, 32
−〉, from Tab. IX we find that the theoret-
ical predictions are inconsistent with the experimental
observations. The predicted total decay width is much larger
than the data. In addition, the partial decay width ratio for Σπ
is too small, while, that for N ¯K is too large to compare with
the data. Thus, as pure states, the strong decay properties of
Λ(1520)D03 and Λ(1690)D03 can’t be understood reasonably.
For these reasons, it is naturally for us to take Λ(1520)
and Λ(1690) as two mixing states between |70,2 1, 1, 1, 32
−〉,
|70,2 8, 1, 1, 32
−〉 and |70,4 8, 1, 1, 32
−〉. By the using of the
CKM matrix method again, and fitting the strong decay data
of Λ(1690), we obtain

|Λ(1520) 32
−〉
|Λ(1690) 32
−〉
|Λ 32
−〉3
 =

0.94 0.34 0.09
0.31 −0.92 0.26
0.17 −0.21 −0.96


|70,2 1〉
|70,2 8〉
|70,4 8〉
 . (23)
From Eq.(23), it is seen that Λ(1690) has sizable compo-
nents of |70,2 1〉 (∼ 9%) and |70,4 8〉 (∼ 7%), except for the
main component |70,2 8〉 (∼ 85%). The predicted strong decay
properties of Λ(1690)D03 compared with the data are listed in
Tab. XI, where we find that with the configuration mixing ef-
fects, the strong decays of Λ(1690)D03 can be well described.
It should be emphasized that Λ(1690) has a very weak cou-
pling to Λη, although it has been draftily enhanced by con-
sidering the configuration mixing effects, which gives an ex-
planation why the contribution of Λ(1690)D03 to the reaction
K−P → Λη is tiny even though Λ(1690)D03 has a large CR-
factor.
Furthermore, with the mixing scheme determined in
Eq.(23), we study the strong decay of Λ(1520)D03. The pre-
dicted results compared with the data are listed in Tab. X,
where we find both the total decay width and the partial de-
cay width ratios are in good agreement with the data. The N ¯K
branching ratio is about a factor 2 larger than that derived in
the S U(6) ⊗ O(3) limit, which is consistent with our previ-
ous analysis of the ¯KN scattering in [54]. From Eq.(23), we
8TABLE X: The predicted total and partial decay widths (MeV) and
partial decay width ratios of Λ(1520) as a mixed state compared with
the experiment data from PDG.
Channel Γthi Γthtotal Γ
exp
total
Γi
Γtotal
|th ΓiΓtotal |exp
Σπ 7.0 13.5 15.6 ∼ 1.0 0.52 0.42 ± 0.01
NK 6.2 0.46 0.45 ± 0.01
Σ(1385)π 0.3 0.02 · · ·
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FIG. 4: The strong decay properties of |Λ 32
−〉3 as a counterpart of
Λ(1690).
can see that the main component of Λ(1520)D03 is still the
|70,2 1〉 configuration (∼ 88%), while it contains significant
octet component of |70,2 8〉 (∼ 12%).
TABLE XI: The predicted total and partial decay widths(MeV) and
partial decay width ratios of Λ(1690 as a mixed state compared with
the experiment data from PDG.
Channel Γthi Γthtotal Γ
exp
total
Γi
Γtotal
|th ΓiΓtotal |exp
Σπ 27.5 70.6 50 ∼ 70(≈ 60) 0.39 0.20 ∼ 0.40
NK 21.4 0.30 0.20 ∼ 0.30
Λη 0.01 0.00 · · ·
Σ(1385)π 21.6 0.30 · · ·
Finally, we give our predictions of the third D-wave res-
onance |Λ 32
−〉3, which is still not established in experiment.
According to the quark model prediction, its mass is around
1800 MeV [3–5, 11]. Varying its mass from 1700 MeV to
1900 MeV, we calculate the strong decays of |Λ 32
−〉3. Our pre-
dictions have been shown in Fig. 4. It is found that the strong
decays of |Λ 32
−〉3 are dominated by Σ(1385)π and Σπ, while
the N ¯K and Λη branching ratios are negligibly small. Thus,
we suggest the our experimental colleagues find this missing
D-wave state in the Σ(1385)π and Σπ channels.
In a word, the configuration mixing is also needed to under-
stand the strong decay properties of the D-wave resonances
Λ(1520)D03, Λ(1690)D03.
2. Interpretation of CR with configuration mixing
If the configuration mixing effects are included, the single-
resonance-excitation amplitude given in Eq. (7) should be
rewritten as
O(n, l, J) =
∑
R
g′RO(n, l, J) ≡
∑
R
CRgRO(n, l, J), (24)
where g′R (gR) stands for the relative strength of a single-
resonance with (without) configuration mixing effects in the
partial amplitudeO(n, l, J). The CR parameters can be derived
by
CR =
g′R
gR
. (25)
In the following work, we study the CR parameters of the im-
portant resonancesΛ(1405)S 01,Λ(1670)S 01,Λ(1520)D03 and
Λ(1690)D03 for the K−p → ηΛ process.
Taking Λ(1405)S 01, Λ(1670)S 01, Λ(1520)D03 and
Λ(1690)D03 as pure states in the constituent quark model, we
can derive the couplings of the transition amplitudes for these
resonances, which are given by
RΛ(1405) = −
√
3
108(
√
2 sin φP + cos φP), (26)
RΛ(1670) = −
√
3
108(
√
2 sin φP − cos φP), (27)
RΛ(1520) = −
√
3
54 (
√
2 sin φP + cos φP), (28)
RΛ(1690) = −
√
3
54 (
√
2 sin φP − cos φP), (29)
where the φP is the η-η′ mixing angle. Then the gR parameters
for these states can be obtained by
gΛ(1405) or Λ(1670) =
RΛ(1405) or RΛ(1670)
RΛ(1405) + RΛ(1670)
, (30)
gΛ(1520) or Λ(1690) =
RΛ(1520) or RΛ(1690)
RΛ(1520) + RΛ(1690)
. (31)
Considering the configuration mixing effects, the wave
functions of the S - and D-wave states Λ(1405)S 01,
Λ(1670)S 01, Λ(1520)D03 and Λ(1690)D03 can be generally
written as
|Λ(1405)〉 = a1|70,2 1〉S + b1|70,2 8〉S + c1|70,4 8〉S , (32)
|Λ(1670)〉 = a2|70,2 1〉S + b2|70,2 8〉S + c2|70,4 8〉S , (33)
|Λ(1520)〉 = a3|70,2 1〉D + b3|70,2 8〉D + c3|70,4 8〉D, (34)
|Λ(1690)〉 = a4|70,2 1〉D + b4|70,2 8〉D + c4|70,4 8〉D, (35)
where ai, bi and ci (i = 1, 2, 3, 4) have been determined in
Eqs. (22) and (23). Then we can derive the couplings of the
9transition amplitudes for these mixed states, they are
R′Λ(1405) = −
√
3
108(
√
2 sinφP + cosφP)(a21 + a1b1)
−
√
3
108(
√
2 sinφP − cosφP)(b21 + a1b1), (36)
R′Λ(1670) = −
√
3
108(
√
2 sinφP + cosφP)(a22 + a2b2)
−
√
3
108(
√
2 sinφP − cosφP)(b22 + a2b2), (37)
R′Λ(1520) = −
√
3
54 (
√
2 sinφP + cosφP)(a23 + a3b3)
−
√
3
54 (
√
2 sinφP − cosφP)(b23 + a3b3), (38)
R′Λ(1690) = −
√
3
54 (
√
2 sinφP + cosφP)(a24 + a4b4)
−
√
3
54 (
√
2 sinφP − cosφP)(b24 + a4b4). (39)
Finally, we obtain the relative strength parameters g′R for these
mixed states:
g′Λ(1405) or Λ(1670) =
R′
Λ(1405) or R
′
Λ(1670)
R′
Λ(1405) + R
′
Λ(1670)
, (40)
g′Λ(1520) or Λ(1690) =
R′
Λ(1520) or R
′
Λ(1690)
R′
Λ(1520) + R
′
Λ(1690)
. (41)
With these extracted gR and g′R parameters, the CR param-
eters can be easily worked out according to Eq. (25). It is
found that CR is a function of the η-η′ mixing angle φP, which
might be in the range φP ≃ (30◦, 47◦) [66, 67]. Consider-
ing the uncertainties of φP, we plot CR as a function of φP in
Fig. 5. From the figure, one can find that the CR parameters for
Λ(1670)S 01 and Λ(1690)D03 are sensitive to the η-η′ mixing
angle φP. When takeing a small η-η′ mixing angle φP = 35◦,
we obtain a large value CΛ(1670) ≃ 34 for Λ(1670)S 01, which
can naturally explain the large contributions of Λ(1670)S 01
found in the K−P → Λη process.
Using the determined η-η′ mixing angle φP = 35◦, we also
obtain a large value of CΛ(1690) ≃ 39 for Λ(1690)D03. It is
should be mentioned that although the configuration mixing
effects have largely enhanced the contribution of Λ(1690) in
the K−P → Λη process (about a factor of 39), the contribution
of Λ(1690)D03 in the reaction is still negligibly small for the
very weak coupling to ηΛ.
As a whole, the configuration mixing effects are crucial
to understand the strong decay properties of the low-lying
negative Λ resonances. These resonances are most likely
mixed states between different configurations, which is con-
sistent with the predictions in large Nc QCD [11]. Consider-
ing configuration mixing effects, we can reasonably explain
the weak coupling of Λ(1670)S 01 to ¯KN and strong cou-
pling of Λ(1670)S 01 to ηΛ, and the large strength parame-
ter CΛ(1670) ≃ 34. The contribution of Λ(1690)D03 to the
K−P → Λη process is too small to give a bowl structure in
the DCS, even we consider the configuration mixing effects in
these D-wave states.
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FIG. 5: The coupling strength parameter, CR, as a function of the
η-η′ mixing angle φP.
IV. SUMMARY
In this work, we have studied the low energy reaction
K−p → Λη with a chiral quark model approach. A reason-
able description of the measurements has been achieved. It
is found that Λ(1670)S 01 dominates the reaction around at
the low energy regions, and the t- and u-channel backgrounds
also play crucial roles. Slight contributions of Λ(1405)S 01
are found, however,Λ(1405)S 01 does not obviously affect the
shapes of the differential cross sections. No obvious roles of
the D-wave states Λ(1520)D03 and Λ(1690)D03 are found in
the reaction.
Furthermore, by the study of the K−p → Λη pro-
cess, we have extracted the strong interaction properties
of Λ(1670)S 01. We find that a much large amplitude of
Λ(1670)S 01 in the reaction is needed, which is about 34 times
(i.e., CS 01(1670) ≃ 34) larger than that derived from the sym-
metry quark model. Combing this with our previous study
in [54], we conclude that Λ(1670)S 01 should have a much
weaker coupling to ¯KN, while a much stronger coupling to
ηΛ than that predicted in the symmetry quark model.
To understand these strong interaction properties of
Λ(1670)S 01, we further study the strong decay properties
of the low-lying negative parity Λ-resonances. It is found
that the configuration mixing effects are crucial to under-
stand the strong decay properties of the low-lying negative
Λ resonances. These resonances are most likely mixed states
between different configurations. Considering configuration
mixing effects, we can reasonably explain the strong interac-
tion properties of Λ(1670)S 01 extracted from the K−P → Λη.
The data of the K−p → Λη process show that there seems
to exist a bowl structure in the DCS in a narrow energy re-
gion near the ηΛ threshold, which indicates a strong D-wave
contribution there. However, the contribution of Λ(1690)D03
to K−P → Λη process too small to give a bowl structure
in the DCS. Although with the configuration mixing effects
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in these D-wave states, the amplitude of Λ(1690)D03 in the
reaction could be enhanced a factor of ∼ 38, the contribu-
tion of Λ(1690)D03 is still tiny for the very weak coupling of
Λ(1690)D03 to ηΛ. Based on the bowl structures in the DCS,
Liu and Xie believed there might exist a exotic D-wave state
Λ(1669)D03 with a very narrow width of Γ = 1.5 MeV. To
clarify whether there are contributions of a narrow D-wave
state or not, more accurate measurements are needed.
As a byproduct, we also have predicted the strong decay
properties of the unestablished D-wave state |Λ 32
−〉3. This
resonance mainly decay into Σ(1385)π and Σπ channels. We
hope the experimentalists can search this missing D-wave
state in the Σ(1385)π and Σπ channels.
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